
Papers from thePosterSession 271

THE VALUE OF FUEL MANAGEMENT IN REDUCING WILDFIRE DAMAGE

KennethW. OulcaltandDale D. Wade
USDAForestService.SouthernResearchStation,Athens,GA. 30602

Phone:(706) 559-4309& S594307
E-mails: Quicalt Kenneth!srsathensWfs.fed.us& rxfire(&,ix.netcom.coin

ABSTRACT

Theobjectiveof thisstudywasto testtheeffectiveness
of a regular prescribedburningprogramto reduce
mortality of southernpineswhenforestsareburnedby
wildfire. The studywasinstalled~ontheOsceolaNa-
horn! Forestwhereabout10,000ha of flartvoodsfor-
est type was burnedby arsonsetwildlires underex-
tremeconditionsin lime 1998. Standswithin theburn
areaweredividedby origin aseithernaturalor planted.
Treemortalitydatasummarizedby plot werecompared
usinganalysesofvariancein an unbalanceddesignto
testfordifferencesin pre-firefuel treatments,sitetype,
locationandfire type. In natural stands,meaninor-
tality was 32 percent l3urn history significantly ef-
fectedmortalitywith thoseburned1.5 yearsagohav-
ing about 15%mortality andthosestandsprescribed
burned2 yearsor moreagohavingtreemortalityof 44
percent. Site type alsosignificantly influencedtree
mortality. On dry andmoist sites20% of the pines
died, whereasthe wildfire killed 54% of the treeson
wetplots. l3urn historyhadsimilar effects in planted
standswhere tree mortalitywas 5% in standsburned
1.5yearspreviouslyand52% for thosethat hadbeen
accumulatingfuel for 2 or moreyears. Plantationson
the interiorof the burnhad 41%treemortality while
thosenearthe perimeterhad only 17% treedeath.
Although significant treemortality did occuron the
OsceolaNationalForestwith some standskilled to-
tally, not all of thetreesin theburnedareawere lost.
Thus,it doesappearthata regularprescribedburning
programwill reducemortality following wik.lfires in
both natural andplantedstandsof southernpineson
flatwoodssitesevenunderseveredroughtconditions.

Keywords:prescribedburning,wildfire, longleafpine,
slashpine,mortality

JJ’JTROPUCTION

In theSouth,aselsewhere,fuelsaccumulatewith time,
until equilibriumis reachedwith decomposition.Fuel
buildupsincethelastdisturbancehasbeendocumented
in thepalmetto!gallberryfuel complex(Sackett1975,
McNab et al. 1978). For decadesfrequent, regular
prescribedburnshavebeenusedto reducethesefuel
loads. Thejudicioususeof prescribedburning has

beenpromotedto reducethe areaburnedby uncon-
trolled‘wildfire. It hasbeenwidelyassumedtherefore,
thatwildfires would be kept smallanddamageslim-
ited. Davis andCooper(1963)showeda strongrela-
tionshipbetweentheacresburnedin wildfires andthe
time sincethe last prescribedburn for sitesin North
FloridaandSouthGeorgia.Theyalsofoundthatheight
of bark char,ameasureoffire intensity,wasrelatedto
theageof the rough,i.e., yearsof fuel accumulation.
Ferguson(1998)presentedanoverviewofprescribed
fire andits affectson wildfire size, suppressioncosts
andresourcedamageon the ApalachicolaNational
Forestin Florida. Martin (1988) indicatedfire inten-
sity duringtheFloridawildfires of 1985was loweron
areaspreviouslyprescribe-burned.

As notedby Del3anoet a!. (1998), thereis a general
trendof increasingfuel buildup andthereforefire se-
verity ‘with anincreasein fire-returninterval. Thus,
thereexistsanimpliedrelationshipbetweenoverstory
tree mortalityandtime sincethe lastburn. Mortality
can resultfrom high-intensitycrown-consumingfires
or from high-severityground fires consumingaccu-
mulatedlitter aroundthebaseoftrees(Fergusoneta!.
1960). For somespecies,mortality is closely related
to crown damage(CooperandAltobellis 1969,Finney
andMartin 1993,Ryaneta!. 1998). Mortality inother
speciesseemsto be morecloselyrelatedto boleinjury
(Petersonet al. 1991). A review of this topic canbe
foundin WadeandJohansen(1986). Most recentre-
searchin the Southhasconcentratedon injury and
growth following prescribedburns (Boyer 1987,
Johansenand Wade1987,Lilieholin andShib-Chang
1987).

Little informationexists,however,on treemortality
following wildfires in areaswherefuels are routinely
reducedthroughprescribedburning. Theprimaryob-
jectiveofthisstudywastodeterminetheeffectsoffuel
managementthroughprescribedburning on wildfire
severity as measuredby overstorydamage.The null
hypothesiswas thatduringseveredrought,conditions
are so extremethat pre-wildfire fuel treatmentshave
noeffecton fire severityoroverstorymortality. Asec-
ondaryobjectivewasto determineif overstorymortal-
ity isrelatedtostandorigin, i.e.,naturalversusplanted,
or site type.
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METHODS

The study site was on the OsceolaNationalForest
wherewildfire burnedabout 10,000ha of flatwoods
foresttypeunderextremeconditionsduringJune1998.
On June3, whenthis arsonfire was setat6 to 8 loca-
tions the drought index was over 700. The wildfire
burned325 ha the first dayandby the third day was
600 hain size. FromJune5th to the 17th thefire was
containedbut couldnot beextinguishedbecauseit was
burning in organiclayers in the normally wetdepres-
sionareas. On the 19th, thewildfire madesome new
rimsandit brokeloosethefollowing day. Thedrought
indexon June20thwasover750, therelativehumid-
ity was downto 35%andthetemperaturewasover32
“C. During the next4 days,the wildfire burned7200
ha undertheseextremeconditions.

All pinestandswithin theburn area weredivided by
origin into naturalorplantedcategories.Naturalstands
were a mixture of slash(Pinus elliottii) andlongleaf
pine (P. palustris) andplantationswere slash pine.
Within each of thesetwo types,21 standswereran-
domly selectedfor sampling. Selectedstandswere
sampledfrom November1998 to February1999.
Within eachstand,five circular plotswere located30
m apartalongaline transectwith a randomlyselected
startingpoint. Plot sizevariedwith treedensityfrom
0.01 to 0.05 ha 50 15 to 20 treeswere sampledper
plot. When thedominanttreeheightwas greaterthan
15 m, all pineswith adiametergreaterthan5 cm were
measured. For selectedstandswith dominanttrees
lessthan 15 m tall, all pinetreestaller than 1.37 m
were measured.For each sampletree in thecircular
plot, the species,diameter,condition (live or dead),
crown death(%), and bole char (%) were recorded.
Crown deathwasdueto a combinationof direct mor-
tality causedby the fire and indirectdeathof needles
resultingfrom bark beetleattacks. At eachplot, the
site type(dry, moistorwet)andlocationrelativeto the
burn (interior or edge)werenoted. The fire history
(time sincelast prescribedburn) andfire type (head-
ing orbacking)wereobtainedfrom recordsof Osceola
RangerDistrict. Treemortality data werecompared
usinganalysesofvanance.

RESULTS

Treesin naturalstandswere mostlypoleandsaw tim-
ber sized. The averagediameterfor sampletreesin
naturalstandswasof 24.4cm. Meanheightfordomi-
nantsandco-dominateswas26 m. Plantationsranged
in agefrom 8 to 35 years. Averagetreediameterin
plantationswas 14.4cm andmeanheightwas 16.0m.

Eightof the21 plantationssampledhadmeanheights
lessthan 15 ra. All natural standsandplantations
with treesover 15 m tall hadbeenthinned at least
onceprior to thewildfire.

Fire intensity andthereforetree mortality covereda
broadrange. In somestands,the wildfire totally con-
sumedmostcrowns,directlykilling thetrees.In other
stands,treeswerestressedandmanylatersuccumbed
to insectattacksover thefollowing summerandfall,
while othershadlittle apparentdamageandonly a
few deadtrees. Overall,mortalitywashigherin plan-
tations(39%) than it was in natural stands(32%).
Average tree mortality in both natural andplanted
standswas lowest in standsthat hadbeenprescribe-
burned1.5 yearsprior to thewildfire (Figure1). Mor-
tality washigherfor thoseareasburnedwithin 6 months
of the wildfire and for thoseburned2 or moreyears
ago
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Figure 1. Tree mortality from June, 1998 wildfire
in natural and planted standsof pine on Osceola
National Forest,Florida. Letters denotesignificant
differences at OO5 leveL

Relative moisture level of the area influenced tree
mortality within natural stands’wherelossesweresig-
nificantly higher on the wetter areas(Table 1). There
wereno plantationson thewettestsitesandno differ-
encein tree mortality betweendry andmoist areas.
Naturalstandson theedgeof thewildfire andthosein
theinterior showedno differencein averagetreemor-
tality. In plantations,however, mortality was much
lower for thosetreesnearthe edgeof theburn. There
were no significant differencesin treemortalitybe-
tweenareasburnedby headingfires andthoseburned
by backingfires.



?aper~fronltttel’osterSestuon 273

SiteType

Survival (%)
Natural Stands I PlantedStands

Dry 16a* 26a
Moist 26a 32a
Wet 54b

Location
Edge
Interior

34a
j 30a

17a
41b

FireType
Backing 29a 19a
Heading 35a 39a

Table I. Average survival of overstory pinesby site
moisturelevel, location, and fire typefollowing wild-
fire on OsceolaNationalForest,Florida.
*Within a column,for each section,meansnot fol-
lowed by the sameletter aresignificantly different at
the .05 level.

DISCUSSION

Time sincethelast prescribedburndid influencetree
mortality. The lowestmeantreemortality occurredon
thoseareasthathad not yet accumulatedmuchfuel.
Thosestandsburned1.5yearsprior to thewildfire had
thelowest mortality (they hadonly onefull growing
seasonsincethelastburn). Althoughthestandsburned
justbeforethewildfire hadnotaccumulatedmuchnew
fuel, treesalsodid not havemuchtimeto recoverfrom
thestressof theprescribedburn. Mostof thesestands
hadbeenburnedinFebruary,just3 monthsbeforethe
wildfire. We believethe combinedstressof thepre-
scribedburnandthewildfire in a shortperiod of time
causedan increasein tree mortality.

The accumulationof understoryandforestfloor fuels
in longleafandslashpinestandsis very rapid during
thefirst 10 yearsfollowing aprescribedburn(McNab
etat 1978). Overstoryfeederrootsbegancolonizing
thesedecomposingfuelswithin afewyears. Firesthat
burn underrecommendedprescribedburn weather
conditionsdo not consumeall of this fuel. During
severedroughtandburningconditions,however,con-
sumptionof theunderstoryandforestfloor isvirtually
complete. Thus,it is not surprisingthatmortality lev-
els increasedsignificantly in thosestandsthathadnot
beenburnedfor two or moreyears. The increased
mortalityonwetsiteswasalsofuel related.Prescribed
burningnormallycreatesamosaicburnpatternin these
flatwoodstypes,as it rarely entersthe wetterdepres-
sions. Evenwhentheseareado burn, it is alight sur-
faceburn that consumesonly a portionof the under-
story,becausetheforestfloor is too wet to burn. Un-
derextremedroughtconditionssuchasexistedduring

thewildfire, however,bothcoverageandconsunrptioqt
of forestfloor andunderstoryarenearlycomplete,re~
suitingin high treemortality Fueldiffeiencesmayb~
the causeof lower mortality in plantationson thepe~
rimeterof the bum aswell. Thoseplantationson the
edgeof the areaburnedby the wildfire were mostly
quiteyoungandhada grassydominatedunderstory
Manyof the interior plantationswere older andhad
understoriesdominatedby saw palmetto~Serenoa
repeus)andgailberry(flexglabra). Thisdifferenceiii

understorydid not exist in naturalstands,whichhad
equaltree mortality levels at bothinterior andedgc
locations.

Headflresshouldproducegreaterintensities,but back-
ing fires becauseof theirincreasedresidencetimecan
be expectedto causegreatercambia]heatingnearthe
ground (LindenmuthandByram 1948)althoughthe
actualsituationis not soclearcut (Wadeandlohansen
1986). The standssampledin this studyburnedby
headfirehadon averagegreaterinitial crowndamage,
while manyof those burnedwith a backingfire had
essentiallyno crown scorch. Trees in those stands
burnedwith a backingfire hadhealthylooking green
crownsfor a numberof weeksfollowing thewildfire.
However,onareaswith a2-yearor greaterrough,they
experiencedsubstantialbark beetleattackandsubse-
quentmortalityduringthelatesummerandfall. Thus,
therewasno significantdifferencein meantreemor-
tality by fire type,eventhoughthenatureof theinjury
differedbetweenthe fire types.

Although significant tree mortalitydid occuron the
OsceolaNationalForestwith some standskilled to-
tally, not all of the treesin theburnedareadied even
thoughthewildfire occurredunderquiteextremecon-
ditions. No areasin any samplestandswere lefi un-
burned,sothis was not acaseof randomareasescap-
ing thewildfire. Overall lossesaveragedlessthan40
percent;but was this the resultof prescribedburning
or just becausethe treesareable to recoverfrom se-
verefires? In theNewJerseypinebarrens,Moore et
a). (1955)reportedtreemortality following awildfire
was 64%in previouslyunburnedareasbut only 17%
inareasprescribedburnedduringthepreceding3years.
Prescribedburningprovidedsimilar reductionsin tree
damagefollowingwildfire underextremelydry condi-
tionsin thesameareaofNewJersey(Cumming1964)
andin theponderosapinetypein Arizona(Wagleand
Ealde 1979). Under severedroughtconditions,thilt
occurevery 10to 20years,mortalityof southernpines
on areaswith S or moreyearsof fuel accumulationi~
very high (Eldredge1935). Thosefew treesthat do
survive the immediateeffects of thesewildfires ate
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usually killed by subsequentbark beetle attacks.
Bickford andBull (1935)reportedneartotal pinemor-
tality for sucha wildfire in standsprotectedfrom all
burningfor 16 years. The39%lossinplantationsand
32% in naturalstandsfor ourstudywerequite low by
comparison.The increaseinmortality with timesince
the lastburnfound alsoindicatesthatprescribedburn-
ing canreducetimberloss. Thewetsitesin ourstudy
wherefuels accumulatebecausetheynormallydo not
burnduring prescriptionburns,canbeusedas atype
of non-burnedcontrol. The mortality ratewas twice
as highon thesesitesas on themoistsiteswherepre-
scribedburninghadkeptfuel loadsdown. It doesap-
pearthat a regularprescribedburning programwill
not only reducethe size of wildflres but will alsore-
ducetreemortaliN if awildfire doesburnthroughthe
area. This reductionin treemortality occursin both
naturaland planted standsof southernpines on
flatwoodssites, even with wildfires underextreme
droughtconditions.
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